Introduction
Since the mid 1970's the existence of heavy hadronic molecules (composed by a pair of heavy hadrons instead of a pair of heavy quarks) has been theorized 1 . This assumption was made based on the similarities between the heavy meson-heavy antimeson system and the deuteron. However, it was not until the discovery of the X(3872) 2 by the Belle Collaboration, in 2003 , that the first experimental data that could fit into that molecular scheme was found. Since then, many other XYZ states have been found, being the Z b (10610)/Z ′ b (10650) also natural candidates to have a molecular structure.. Besides, the m Q → ∞ limit of QCD simplifies the theory so a set of symmetries Table 1 . LO potentials and quantum numbers for various doubly-heavy baryon-heavy meson systems.
are induced. Probably, the most important symmetries induced in this limit are HQSS, HFS, and HADS. We make use of them, along with the assumptions of the X(3872) and the Z b (10610)/Z ′ b (10650) to be heavy hadronic molecules, to obtain a family of heavy meson-doubly heavy baryons that could also be interpreted as triply heavy pentaquarks.
This proceeding is organized as follows. First we briefly introduced our EFT based on HQSS and HFS that we will use in the analysis of the X(3872) and the
Second, we will discuss HADS and its implications. Finally, our results will be shown in Table 2 .
Effective Field Theory for Heavy Mesonic Molecules and
Lippmann-Schwinger Equation.
In this work we are following the scheme described in 3 where all sort of details can be found. At lowest order, HQSS and HFS impose that the dynamics of the model does not depend on either the mass or the spin of the heavy quark. Taking this into account, the most general potential that describes the dynamics of the heavy meson-antimeson pair depends only in four Low Energy Constants or counter-terms (LECs), up to corrections of the order O 1 mQ :
being λ the Gell-Mann matrices and H Q(Q) the meson (antimeson) field in the charm sector (and viceversa in the bottom sector). Moreover, the four LECs will be rewritten through a linear combination into C 0A , C 0B , C 1A and C 1B for notation.
These four LECs will be fitted to reproduce some experimental data in our scheme. In this framework, bound states will be found by solving the LippmannSchwinger equation as they will appear as poles in the T-matrix: T = V +V G T , and Table 2 . Predictions of the doubly-heavy baryon-heavy meson molecules. Results are given in terms of M th for simplicity, and all masses are given in units of MeV. When we decrease the strength of the potential to account for the various uncertainties, in some cases (marked with † in the table) the bound state pole reaches the threshold and the state becomes virtual. The cases with a virtual state pole at the central value are marked by [V], for which † † means that the pole evolves into a bound state one and N/A means that the pole is far from the threshold with a momentum larger than 1 GeV so that it is both undetectable and beyond the EFT range.
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the ultraviolet divergences of the loop function are treated introducing a Gaussian regulator in the propagator and in the potential such as:
These assumptions determine three linear combinations of the LECs, that is: C 0X = C 0A + C 0B and C 1X = C 1A + C 1B which in turn are determined by the X(3872) (for more details, see 3 ) and
3. Heavy Antiquark-Diquark Symmetry and Results.
Up to now, we have only established an EFT that analyzes heavy meson-heavy antimeson molecules. In order to use this approach to different systems we will take advantage of the Heavy Antiquark-Diquark Symmetry (HADS). This m Q → ∞ limit symmetry, first introduced by Savage and Wise, states that a heavy diquark behaves as a heavy antiquark up to corrections of the order O 1 mQv , , being v the velocity of the heavy quarks.
Furthermore, since the dynamics of our EFT only depends on the light degrees of freedom, that are the same than in the heavy meson-heavy antimeson system, we can make use of some Racah algebra (similar to 6 ) to obtain the potentials in every possible channels, which are displayed in Table 1 . The Ξ ′ states are those where heavy quarks in the baryon are coupled to S Q baryon = 0 (which is forbidden if the two quarks are the same because of the Pauli's principle of exclusion).
Then we just have to solve the Lippmann-Schwinger equation in each channel using the LECs we have previously fitted to obtain the results of Table 2 . The isoscalar states are related to the X(3872). The isovector states are determined by the Z b (10610, 10650) and the isovector component of the X(3872).
The sources of error in the analysis are: the masses of the X(3872) and Z b resonances, the ratio of the X(3872) amplitude decays (calculated in 7 ) and the two EFT expansions used in this work. The errors for HQSS are taken to be 20% (7%) in the charm (bottom) sector and 40% (30%) [20%] in the charm (charm-bottom) [bottom] sector for HADS. Then, an unique error is obtained by adding in quadratures all different sources.
Conclusions
As a summary, we can conclude that our analysis based on several QCD symmetries in the m Q → ∞ limit predicts the existence of several heavy meson-doubly heavy baryon molecular partners of the X(3872) and the Z b (10610)/Z ′ b (10650). This same effective field theory approach could also be extended to study doubly heavy baryon-double heavy antibaryon molecular systems in the future.
